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(54) Gas sensor with protective cover and manufacturing method thereof 



(57) A gas sensor comprises a cylindrical metallic 
housing, a sensor element having at a front end thereof 
a sensing portion and disposed axially in the housing 
with the sensing portion protruded from a front end of 
the housing, a sensor terminal fitted to a rear end of the 
sensor element to produce a signal output from the 
sensing portion, a first protective cover attached to a 
front end portion of the housing to cover the sensing por- 
tion and a second protective cover attached to a rear 
end portion of the housing to cover the sensor terminal. 
The first and second protective covers includes attach- 
ment portions attached around the front and rear end 
portions of the housing, respectively At least one of the 
attachment portions of the first and second protective 
covers has a lower hardness than a remaining portion 
of the protective cover. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to protective cov- 5 
ers for a gas sensor, a gas sensor and a method of man- 
ufacturing a gas sensor. Hereinafter, the term "front" re- 
fers to a sensing end side with respect to the axial di- 
rection of a gas sensor, and the term "rear" refers to a 
side opposite to the front side. 

[0002] Japanese Laid-Open Patent Publication No. 
1 1-352095 discloses a conventional type of gas sensor 
as shown in FIG. 8, which comprises a cylindrical me- 
tallic housing 81 , a sensor element 82, a heater 83, me- 
tallic protective covers 84 and 85, a ground terminal 91 , 
an output terminal 92, a ground lead 93, an output lead 
94, a pair of heater terminals 95 (only one shown) and 
heater leads (not shown). The housing 81 has a metallic 
shell 81a and an inner tube 81b fixed to each other, al- 
though it can alternatively be formed into one piece. The 
sensor element 82 is disposed axially in the housing 81 
with a sensing portion thereof protruded from a front end 
of the housing 81 , and the heater 83 is inserted in the 
sensor element 82. The ground and output terminals 91 
and 92 are fitted to a rear end of the sensor element 82 
to make electrical connection between the sensor ele- 
ment 82 and the ground and output leads 93 and 94, 
whereas the heater terminals 95 are fitted to a rear end 
of the heater 95 to make electrical connection between 
the heater 83 and the heater leads. The protective cover 
84 is attached to a front end portion of the housing 81 
to cover the sensing portion of the sensor element 82. 
The protective cover 85 is attached to a rear end portion 
of the housing 81 to cover the ground and output termi- 
nals 91 and 92 and the heater terminals 95 with the 
ground and output leads 93 and 94 and the heater leads 
projected rearwardly from the protective cover 85. 

SUMMARY OF THE INVENTION 

[0003] In the above conventional type gas sensor, 
there is a difficulty in attaching the protective covers 84 
and 85 to the housing 81 . 

[0004] It has been common practice to attach a pro- 
tective cover to a sensor housing by forming an engag- 
ing part on the protective cover, engaging the housing 
with the engaging part of the protective cover, and then, 
welding the engaging part of the cover protective to the 
housing. However, stringent dimensional control is re- 
quired for proper engagement between the housing and 
the engaging part of the protective cover. The process- 
ing and inspection of the housing and the protective cov- 
er are time- and labor-consuming, thereby resulting in 
a high manufacturing cost of the gas sensor. \r\ the case 
of the protective cover being formed by drawing auste- 
nitic stainless steel, the protective cover is easily expan- 
sible due to elasticity. It is specifically burdensome and 
thus costly to perform stringent dimensional control in 
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the processing and inspection of such an easily expan- 
sible protective cover. 

[0005] Against this backdrop, another cover attach- 
ment method is proposed in Japanese Laid-Open Pat- 
ent Publication No. 11-352095, in which portions 84a 
and 85a of the protective covers 84 and 85 are caulked 
to front and rear end portions of the housing 81 and then 
welded at weld sections W1 and W2 to the housing 81 . 
This makes it possible to simplify the processing and 
inspection of the housing 81 and the protective covers 
84 and 85 without the need for stringent dimensional 
control and thereby possible to reduce the manufactur- 
ing cost of the gas sensor. 

[0006] In the above proposed method, however, the 
portions 84a and 85a of the protective covers 84 and 85 
have inside diameters considerably larger than the out- 
side diameters of the front and rear end portions of the 
housing 81 before being caulked so that the portions 
84a and 85a of the protective covers 84 and 85 can be 
easily disposed around the housing 81 . It is not easy to 
caulk such large-diameter portions 84a and 85a of the 
protective covers 84 and 85 to the housing 81 assuredly, 
as the protective covers 84 and 85 have relatively large 
thicknesses so as to protect the sensing portion and the 
terminals 91, 92 and 95 from external shocks. Never- 
theless, there cannot be clearance left between the 
housing 81 and the portions 84a and 85a of the protec- 
tive covers 84 and 85 in order to weld the portions 84a 
and 85a of the protective covers 84 and 85 to the hous- 
ing 81 securely. Accordingly, the portions 84a and 85a 
of the protective covers 84 and 85 have to be caulked 
through the application of high pressure, which causes 
deteriorations in the durability of a caulking tool etc. The 
manufacturing cost of the gas sensor cannot be then 
reduced sufficiently. 

[0007] It is conceivable to form the protective covers 
84 and 85 from a relatively soft material so that the por- 
tions 84a and 85a of the protective covers 84 and 85 
can be caulked without the application of high pressure. 
This makes it possible to reduce the manufacturing cost 
of the gas sensor to a sufficient degree. However, the 
protective covers 84 and 85 become too weak to act as 
protections against the external shocks. The gas sensor 
cannot attain sufficient durability for use in e.g. a vehicle. 
[0008] If the protective cover 84 has a double-wall 
structure, there arises an additional problem that the gas 
sensor delays in responding to a sudden change in 
measurement gas. 

[0009] It is therefore an object of the present invention 
to provide protective covers for a gas sensor, which can 
be attached to a sensor housing easily and assuredly to 
cover a sensor element and sensor terminals without 
causing the above-mentioned cost and durability prob- 
lems, as well as a gas sensor having such a protective 
cover(s) and a method of manufacturing the gas sensor. 
[0010] It is also an object of the present invention to 
provide a gas sensor with a double-wall protective cov- 
er, which shows a higher responsivity. 
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[0011] According to a first aspect of the invention, 
there is provided a protective cover for a gas sensor hav- 
ing a cylindrical metallic housing and a sensor element 
axially disposed in the housing with a sensing portion 
thereof protruded from a front end of the housing, the 5 
protective cover including an attachment portion to be 
attached to a front end portion of the housing in such a 
manner as to cover the sensing portion with the protec- 
tive cover, the attachment portion having a lower hard- 
ness than a remaining portion of the protective cover. 10 
[001 2] According to a second aspect of the invention, 
there is provided a protective cover for a gas sensor hav- 
ing a cylindrical metallic housing, a sensor element ax- 
ially disposed in the housing and having at a front end 
thereof a sensing portion and a sensor terminal fitted to *5 
a rear end of the sensor element to produce a signal 
output from the sensing portion, the protective cover in- 
cluding an attachment portion to be attached to a rear 
end portion of the housing in such a manner as to cover 
the sensor terminal with the protective cover, the attach- 20 
ment portion having a lower hardness than a remaining 
portion of the protective cover. 

[0013] According to a third aspect of the invention, 
there is provided a gas sensor, comprising: a cylindrical 
metallic housing; a sensor element having at a front end 25 
thereof a sensing portion and disposed axially in the 
housing with the sensing portion protruded from a front 
end of the housing; a sensor terminal fitted to a rear end 
of the sensor element to produce a signal output from 
the sensing portion; a first protective cover attached to 30 
a front end portion of the housing to cover the sensing 
portion, the first protective cover including an attach- 
ment portion attached around the front end portion of 
the housing; and a second protective cover attached to 
a rear end portion of the housing to cover the sensor 35 
terminal wherein the attachment portion has a lower 
hardness than a remaining portion of the first protective 
cover. 

[0014] According to a fourth aspect of the invention, 
there is provided a gas sensor, comprising: a cylindrical 40 
metallic housing, a sensor element having at a front end 
thereof a sensing portion and disposed axially in the 
housing with the sensing portion protruded from a front 
end of the housing; a sensor terminal fitted to a rear end 
of the sensor element to produce a signal output from 45 
the sensing portion; a first protective cover attached to 
a front end portion of the housing to cover the sensing 
portion; and a second protective cover attached to a rear 
end portion of the housing to cover the sensor terminal, 
the second protective cover including an attachment so 
portion attached around the rear end portion of the hous- 
ing, wherein the attachment portion has a lower hard- 
ness than a remaining portion of the second protective 
cover. 

[0015] According to a fifth aspect of the invention, 55 
there is provided a gas sensor, comprising: a cylindrical 
metallic housing; a sensor element having at a front end 
thereof a sensing portion and disposed axially in the 



housing with the sensing portion protruded from a front 
end of the housing; a sensor terminal fitted to a rear end 
of the sensor element to produce a signal output from 
the sensing portion; a first protective cover attached to 
a front end portion of the housing to cover the sensing 
portion ; and a second protective cover attached to a rear 
end portion of the housing to cover the sensor terminal, 
wherein the first protective cover has: an outer cover 
member including an attachment portion attached to the 
front end portion of the housing and an outer circumfer- 
ential wall, the outer circumferential wall having outer 
gas inlet holes formed therein to feed a measurement 
gas into the outer cover member; and an inner cover 
member fixed in the outer cover member and including 
an inner circumferential wall held in parallel with the out- 
er circumferential wall and at a rear end thereof a wall 
edge bent to the outer circumferential wall, the wall edge 
having inner gas inlet holes formed therein to feed the 
measurement gas from the outer cover member into the 
inner cover member. 

[0016] According to a sixth aspect of the invention, 
there is provided a method of manufacturing a gas sen- 
sor, comprising: disposing a sensor element in a cylin- 
drical metallic housing, the sensor element having at a 
front end thereof a sensing portion protruded from a 
front end of the housing; forming a protective cover with 
an attachment portion; making a hardness of the attach- 
ment portion lower than that of a remaining portion of 
the protective cover; and attaching the attachment por- 
tion of the protective cover to a front end portion of the 
housing in such a manner as to cover the sensing por- 
tion with the protective cover. 

[0017] According to a seventh aspect of the invention, 
there is provided a method of manufacturing a gas sen- 
sor, comprising: disposing a sensor element in a cylin- 
drical metallic shell, the sensor element having at a front 
end thereof a sensing portion; fitting a sensor terminal 
to a rear end of the sensor element for signal output from 
the sensing portion; forming a protective cover with an 
attachment portion; making a hardness of the attach- 
ment portion lower in hardness than that of a remaining 
portion of the protective cover; and attaching the attach- 
ment portion of the protective cover to a rear end portion 
of the housing in such a manner as to cover the sensor 
terminal with the protective cover. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

FIG. 1 is a sectional view of an oxygen sensor ac- 
cording to one embodiment of the present inven- 
tion. 

FIG. 2 is a process chart for manufacturing the ox- 
ygen sensor. 

FIG. 3A is a sectional view of a terminal cover of the 

oxygen sensor, after the process of forming. 

FIG. 3B is a sectional view of the terminal cover of 
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FIG. 3A, during the process of hardness control. 
FIG. 4 is a partially cutaway view of a sensor-ele- 
rnent cover of the oxygen sensor. 
FIG. 5 is a sectional view showing how the oxygen 
sensor comes assembled. 

FIG. 6 is a sectional view of the oxygen sensor in a 
condition where the terminal cover is not yet 
caulked. 

FIG. 7 is a graph showing the relationship between 
a hardness and a location on the terminal cover. 
FIG. 8 is a sectional view of a conventional type gas 
sensor. 

DESCRIPTION OF THE EMBODIMENTS 

[0019] The present invention will be described below 
with reference to the drawings. Although the present in- 
vention can be applied to various kinds of sensors in- 
cluding a gas concentration sensor that detects the con- 
centration of a specific component of a measurement 
gas (such as an oxygen sensor, a HC sensor or a NOx 
sensor) and a gas temperature sensor that detects the 
temperature of a measurement gas, the following em- 
bodiment specifically refers to an oxygen sensor. 
[0020] As shown in FIG. 1 , an oxygen sensor accord- 
ing to one embodiment of the present invention com- 
prises a sensor element 1 , a ground terminal 2, an out- 
put terminal 3, a ground lead 4, an output lead 5, a heat- 
er 6, a pair of heater terminals 7 (only one shown), heat- 
er leads 8 (only one shown), a cylindrical metallic shell 

14 (as a sensor housing) and metallic protective covers 

15 and 16. 

[0021 ] The sensor element 1 has at a front end thereof 
a sensing portion to detect the concentration of oxygen 
in a measurement gas. The sensor element 1 includes 
a cylindrical element body having its front end closed, 
an inner electrode layer formed on an inner surface of 
the body, and an outer electrode layer formed on an out- 
er surface of the body. The element body is made of a 
solid electrolyte e.g. zirconium oxide (Zr0 2 ) stabilized 
with yttrium oxide (Y 2 0 3 ) or calcium oxide (CaO), 
whereas the inner and outer electrode layers are made 
of e.g. platinum (Pt). 

[0022] The ground and output terminals 2 and 3 are 
fitted to a rear end of the sensor element 1 . The ground 
terminal 2 makes electrical connection between the out- 
er electrode layer of the sensor element 1 and the 
ground lead 4 to establish a ground for the sensor ele- 
ment 1 , and the output terminal 3 makes electrical con- 
nection between the inner electrode layer of the sensor 
element 1 and the output lead 5 to retrieve an output 
signal from the sensing portion of the sensor element 1 . 
[0023] The heater 6 is inserted in the body of the sen- 
sor element 1 , and the heater terminals 7 are fitted to a 
rear end of the heater 6. The heater leads 8 are con- 
nected to the respective heater terminals 7 for energiza- 
tion of the heater 6. 

[0024] The sensor element 1 is axially disposed in the 



metallic shell 1 4 with the sensing portion protruded from 
a front end of the metallic shell 14. Metallic packings 9a 
and 9b, a ceramic holder 10, a sealant 11 made of e.g. 
talc, a ceramic sleeve 12 and a metallic ring 13 are tn- 

5 terposed between the sensor element 1 and the metallic 
shell 14. A rear end portion of the metallic shell 14 is 
caulked radially inwardly to the sensor element 1 via the 
ceramic sleeve 12, so that the sensor element 1 is held 
- in the metallic shell 14 while being kept insulated from 

10 the metallic shell 14. 

[0025] The metallic shell 14 includes front and rear 
cylindrical boss end portions 1 4a and 14b, a flange por- 
tion 1 4c, and a male-thread portion 1 4d formed between 
the boss end portion 14a and the flange portion 14c. A 

is gasket G is fitted around the metallic shell 14 at a posi- 
tion between the flange portion 1 4c and the male-thread 
portion 14d. 

[0026] The protective cover 1 5 is attached to the boss 
end portion 1 4a of the metallic shell 1 4 to cover the sens- 

20 ing portion of the sensor element 1 . Preferably, the pro- 
tective cover 1 5 has a double-wall structure with an out- 
er cover member 15a and an inner cover member 15b 
fixed in the outer cover member 1 5a as shown in FIG. 4. 
[0027] The outer cover member 1 5a has a circumfer- 

25 ential wall 1 5w and a cylindrical attachment portion 15c 
formed integral with the circumferential wall 15w at a 
rear end of the outer cover member 15a. The attach- 
ment portion 15c is disposed around the boss end por- 
tion 14a of the metallic shell 14 to form an overlap 01 

so between the attachment portion 15c and the boss end 
portion 14a, and is attached to the boss end portion 14a 
by caulking and welding at the overlap 01 . 
[0028] The inner cover member 1 5b has a circumfer- 
ential wall 1 5x held in parallel to the circumferential wall 

55 1 5w with a predetermined space left therebetween , and 
at a rear end thereof a wall edge 1 5y brought into contact 
with an inner surface of the circumferential wall 15w. 
[0029] In the present embodiment, the attachment 
portion 15c has a lower hardness than that of a remain- 

^0 ing portion of the cover 1 5 (including the circumferential 
wails 15x and 15y and the wall edge 15y), so that the 
attachment portion 15c can be easily and assuredly 
caulked to the boss end portion 1 4a of the metallic shell 
14 without clearance left between the attachment por- 

45 tion 15c and the boss end portion 14a. It is desirable 
that the attachment portion 1 5c has a Vickers hardness 
of 1 00 to 200 and the remaining portion of the cover 15 
has a Vickers hardness of 250 or larger, preferably 250 
to 500, more preferably 300 to 400. If the Vickers hard- 

50 ness of the attachment portion 15c is lower than 100, 
the attachment portion 15c cannot secure sufficient 
strength after the caulking and welding. If the Vickers 
hardness of the attachment portion 15c is higher than 
200, it is difficult to caulk the attachment portion 15c to 

55 the boss end portion 14a assuredly while making the 
protective cover 1 5 with a relatively large thickness. The 
remaining portion of the cover 15 becomes too weak to 
act as a protection against external shocks and to attain 
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sufficient durability if tjie Vickers hardness of the re- 
maining portion of the cover 1 5 is lower than 300, nota- 
bly lower than 250. If the Vickers hardness of the re- 
maining portion of the cover 15 is higher than 400, no- 
tably higher than 500, the remaining portion becomes 
susceptible to cracks due to its brittleness and difficult 
to form. Herein, the Vickers hardness is defined as an 
average of measurement values obtained in Vickers 
hardness test with a load of 300 g applied at established 
axial intervals {e.g. every 0.5 mm in the present embod- 
iment) to an axial section through the protective cover 
15 at half of its radial thickness. 

[0030] Each of the attachment portion 1 5c and the re- 
maining portion of the cover 15 preferably has a thick- 
ness of 0.3 mm or larger, more preferably 0.4 mm or 
larger, so as to attain sufficient shock resistance. The 
attachment portion 15c and the remaining portion of the 
cover 15 are desirably 1 .0 mm or smaller in thickness 
in consideration of formability. In a case where the pro- 
tective cover 15 has the above double-wall structure, it 
is preferable that the outer cover member 15a has a 
thickness of 0.4 mm to 1 .0 mm and the inner cover mem- 
ber 15b has a thickness of less than 0.4 mm. The inner 
cover member 1 5b does not necessarily require so high 
durability as the outer cover member 15a. Accordingly, 
the inner cover member 1 5b can be made thinner than 
the outer cover member 15a for downsizing of the oxy- 
gen sensor. In the present embodiment, the outer and 
inner cover members 15a and 15b are made 0.5 mm 
and 0.3 mm in thickness, respectively. 
[0031 ] The attachment portion 1 5c and the remaining 
portion of the cover 15 are preferably made of austenitic 
stainless steel such as SUS304L or SUS310. 
[0032] In a case where the protective cover 1 5 has a 
total length of 20 to 50 mm, the attachment portion 15c 
preferably has a length of 5 to 7 mm. If the length of the 
attachment portion 15c is less than 5 mm, it is difficult 
to caulk and weld the attachment portion 1 5c to the boss 
end portion 14a. If the length of the attachment portion 
1 5c is more than 7 mm, the remaining portion of the cov- 
er 1 5 becomes too short to act as a protection against 
external shocks and to attain sufficient durability. In the 
present embodiment, the protective cover 15 and its at- 
tachment portion 15a are made 20 mm and 5 mm in 
length, respectively. Further, the inner cover member 
15b has a length shorter than that of the outer cover 
member 15a so that the protective cover 15 is attached 
to the metallic shell 14 only at the attachment portion 
1 5c of the outer cover member 1 5b. It is easier to caulk 
and weld the attachment portion 1 5c directly to the me- 
tallic shell 14 than to caulk and weld the attachment por- 
tion 15c via the inner cover member 15b to the metallic 
housing 14. 

[0033] Gas inlet holes 1 5d and 1 5e are formed in the 
circumferential wall 1 5w of the outer cover member 1 5a 
and the wall edge 15y of the inner cover member 15b, 
respectively, so as to feed the measurement gas to the 
sensing portion of the sensor element 1. In order for the 



wall edge 1 5y to be easily formed with the gas inlet holes 
15e, cuts 15z are made in the wall edge 15y, and then, 
the wall edge 1 5y is bent to the circumferential wall 1 5w 
in such a manner as to bring the wall edge 1 5y into con- 
s tact with the inner surface of the circumferential wall 
15w. With this, the gas inlet holes 15e are easily defined 
by the cuts 1 5z of the wall edge 15y and the circumfer- 
ential wall 15w so as to face toward a gas passage be- 
tween the circumferential walls 15x and 15y. 
w [0034] Gas outlet holes 15h and 15k are formed in 
bottoms of the inner and outer cover members 1 5b and 
15a, respectively, to discharge the measurement gas 
out of the protective cover 15. In the present embodi- 
ment, the outer and inner cover members 15a and 15b 
is are joined together by e.g. spot welding at positions 
around the gas outlet holes 1 5k and 1 5h in order to pre- 
vent the gas from flowing directly from the gas inlet hole 
1 5d to the gas outlet hole 1 5k. The gas outlet holes 1 5h 
and 15k are coaxial with each other. Further, the gas 
outlet hole 1 5k has a diameter larger than that of the gas 
outlet hole 15h such that the measurement gas can be 
discharged out of the protective cover 1 5 efficiently. It is 
desirable to control a difference d between the diame- 
ters of the gas outlet holes 15h and 15k to satisfy the 
following equation: t < d < 3t, where t is a thickness of 
the outer cover member 15a. 

[0035] In the above double-wall structure of the pro- 
tective cover 15, the measurement gas flows into the 
outer cover member 15a via the gas inlet holes 15d, 
flows rearwardly through the gas passage between the 
circumferential walls 15x and 15w, flows into the inner 
cover member 15b via the gas inlet holes 15e, flows 
through a gas passage between the wall edge 15y and 
the boss end portion 14a, flows frontwardly within the 
inner cover member 15b to be supplied to the sensing 
portion, and then, flows out of the protective cover 15 
through the gas outlet holes 15h and 15k. As the gas 
inlet holes 15e face toward the gas passage between 
the circumferential walls 1 5x and 1 5y, the measurement 
gas flows into the inner cover member 15b without a 
large flow resistance. Further, the measurement gas 
flows within the inner cover member 1 5b in such a man- 
ner as to force a gas holdup in the cover member 15b 
toward the gas outlet holes 15h and 15k. Gas replace- 
ment can be therefore performed smoothly within the 
protective cover 15 by such a zigzag flow. Even if there 
is a sudden change in oxygen concentration, the oxygen 
sensor becomes able to provide a quick response to 
such a sudden change. Namely, the oxygen sensor of 
the present embodiment can attain higher responsivity 
than a conventional oxygen sensor with a double-wall 
sensor cover. 

[0036] Herein, there is a possibility that a water drop 
may be accumulated in the gas passage between the 
wall edge 15y and the boss end portion 14a to interfere 
with the flow of gas to the sensing portion of the sensor 
element 1 . In order to avoid such a possibility, it is pref- 
erable to make the thickness 14t of a front edge of the 
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boss end portion 14a smaller than a distance 15t be- 
tween the circumferential walls 1 5x and 1 5w of the cover 
members 15b and 15a (i.e. a length of the wall edge 
15y),orto form the cuts 15z over the wall edge 15yahd 
the circumferential wall 15x. It is possible to avoid the 
water drop from interfering with the gas flow more effec- 
tively by chamfering an inner front edge of the boss end 
portion 14a. 

[0037] The protective cover 1 6 is attached to the boss 
end portion 14b of the metallic shell 14 to cover the 
ground and output terminals 2 and 3 and the heater ter- 
minals 7 with the ground and output leads 4 and 5 and 
the heater leads 8 projected rearwardly from the protec- 
tive cover 16. 

[0038] The protective cover 1 6 includes at a front end 
thereof a cylindrical attachment portion 1 6a. The attach- 
ment portion 16a is disposed around the boss end por- 
tion 14b to form an overlap 02 between the attachment 
portion 16a and the boss end portion 14b, and is at- 
tached to the boss end portion 14b by caulking and 
welding at the overlap 02. 

[0039] In the present embodiment, the attachment 
portion 16a has a lower hardness than that of a remain- 
ing portion 16b of the cover 16, so that the attachment 
portion 16a can be easily and assuredly caulked to the 
boss end portion 14b of the metallic shell 14 without 
clearance left between the attachment portion 16a and 
the boss end portion 14b. It is desirable that the attach- 
ment portion 16a has a Vickers hardness of 1 00 to 200 
and the remaining portion 16b has a Vickers hardness 
of 250 or larger preferably 250 to 500, more preferably 
300 to 400. If the Vickers hardness of the attachment 
portion 16a is lower than 100, the attachment portion 
16a cannot attain sufficient strength after the caulking 
and welding. If the Vickers hardness of the attachment 
portion 1 6a is higher than 200, it is difficult to caulk the 
attachment portion 16a to the boss end portion 14b as- 
suredly while making the protective cover 1 6 with a rel- 
atively large thickness. The remaining portion 16b be- 
comes too weak to act as a protection against external 
shocks and to attain sufficient durability if the Vickers 
hardness of the remaining portion 1 6b is lower than 300, 
notably lower than 250. If the Vickers hardness of the 
remaining portion 1 6b is higher than 400, notably higher 
than 500, the remaining portion 16b becomes suscep- 
tible to cracks due to its brittleness and difficult to form. 
Herein, the Vickers hardness is defined in the same way 
as above i.e. as an average of measurement values ob- 
tained in Vickers hardness test with a load of 300 g ap- 
plied at established axial intervals (e.g. every 0.5 mm) 
to an axial section through the protective cover 1 6 at half 
of its radial thickness. 

[0040] Each of the attachment portion 1 6a and the re- 
maining portion 16b of the cover 16 preferably has a 
thickness of 0.3 mm or larger, more preferably 0.4 mm 
or larger, so as to attain sufficient shock resistance. The 
thickness of each of the attachment portion 1 6a and the 
remaining portion 1 6b is desirably 1 .0 mm or smaller in 



consideration of formability. Jn the present embodiment, 
both of the attachment portion 16a and the remaining 
portion 16b are made 0.5 mm in thickness. 
[0041 ] The attachment portion 1 6a and the remaining 
5 portion 16b of the cover 16 are preferably made of 
austenitic stainless steel such as SUS304L or SUS31 0. 
[0042] In a case where the protective cover 16 has a 
total length of 20 to 50 mm, the attachment portion 1 6a 
is preferably made 5 to 7 mm in length. If the length of 
the attachment portion 1 6a is less than 5 mm, it is diffi- 
cult to caulk and weld the attachment portion 1 6a to the 
boss end portion 1 4b. If the length of the attachment por- 
tion 16a is more than 7 mm, the remaining portion 16b 
of the cover 1 6 becomes too short to act as a protection 
against external shocks and to attain sufficient durabil- 
ity. In the present invention, the protective cover 1 6 and 
its attachment portion 16a are made 47 mm and 6 mm 
in length, respectively. 

[0043] A ceramic separator 18 with a flange portion 
1 8a is fixed in the protective cover 1 6a via a leaf spring 
17 so that the separator 18 surrounds the connection 
between the ground terminal 2 and the lead 4, the con- 
nection between the output terminal 3 and the lead 5 as 
well as the respective connections between the heater 
terminals 7 and the leads 8. 

[0044] A rubber grommet 1 9 is fix in a rear end of the 
protective cover 1 6 with the sensor leads 4 and 5 and 
the heater leads 8 passing therethrough. The grommet 

19 has a through hole 19a at a center thereof, and a 
filter unit 20 is disposed in the hole 19a. The filter unit 

20 has a cylindrical metallic support 20a and a filter 20b 
attached to cover a rear end face and a circumferential 
portion of the support 20a. The filter 20b is made of e. 
g. polytetrafluoroethylene (PTFE), and removes mois- 
ture from the air so that dehydrated air is supplied to the 
inside of the protective cover 1 6. 
[0045] The above-structured oxygen sensor can be 
manufactured by the following procedure according to 
one embodiment of the present invention. 
[0046] Firstly, all the components of the oxygen sen- 
sor (including the sensor element 1 , the ground terminal 
2, the output terminal 3, the ground lead 4, the output 
lead 5, the heater 6, the heater terminals 7, the heater 
leads 8, the packings 9a and 9b, the holder 1 0, the seal- 
ant 11, the sleeve 12, the ring 13, the metallic shell 4, 
the protective covers 15 and 1 6, the spring 1 7, the sep- 
arator 18, the grommet 1 9 and the filter unit 20) are pre- 
pared. In particular, the protective covers 1 5 and 1 6 can 
be prepared in the following forming and hardness con- 
trol process steps (as in steps S1 and S2 of FIG. 2). 
[0047] To prepare the protective cover 16, a plate or 
pipe of austenitic stainless steel is subjected to drawing 
to form a tubular article 31 having a small-diameter part 
31 a and a large-diameter part 31 b formed integral with 
the small-diameter part 31a as shown in FIG. 3A. Four 
radially-inward protrusions 31c are formed by drawing 
on the small-diameter part 31a so as to be engageable 
with the flange portion 18a of the separator 18. Then, 
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only an open-end side of the large-diameter part 31b 
(which corresponds to the attachment portion 1 6a of the 
protective cover 16) is annealed by placing a high-fre- 
quency coil 40 around the open-end side of the large- 
diameter part 31b as shown in FIG. 3B, supplying the 
coil 40 with a high-frequency current to subject the open- 
end side of the part 31b to high-frequency induction 
heating at about 700°C, and cooling the annealed open- 
end side of the part 31b in the air. Alternatively, the an- 
nealing can be done by using an electron beam. With 
the annealing, the attachment portion 1 6a is made lower 
in hardness than the remaining portion 1 6b. It is prefer- 
able to control the Vickers hardness of the attachment 
portion 16a to within the range of 100 to 200 and to con- 
trol the Vickers hardness of the remaining portion 16b 
to within the range of 100 to 200 as described above. 
Further, the attachment portion 1 6a has an inside diam- 
eter considerably larger than an outside diameter of the 
boss end portion 14b of the metallic shell 14 so that the 
attachment portion 16a can be easily arranged around 
the boss end portion 14b. 

[0048] The protective cover 1 5 can be prepared in the 
same manner. With the annealing, the attachment por- 
tion 1 5c is also made lower in hardness than the remain- 
ing portion of the cover 15 at relatively low cost. As de- 
scribed above, it is preferable to control the Vickers 
hardness of the attachment portion 15c to within the 
range of 1 00 to 200 and to control the Vickers hardness 
of the remaining portion of the cover 15 to within the 
range of 300 to 400. Further, the attachment portion 15c 
has an inside diameter larger than an outside diameter 
of the boss end portion 14a of the metallic shell 14 so 
that the attachment portion 15c can be easily arranged 
around the boss end portion 14a. 
[0049] Next, the prepared components are combined 
into first and second subassemblies. 
[0050] The first subassembly is provided by: passing 
the leads 4. 5 and 8 through the gromrnet 1 9, and then, 
through the separator 18; connecting the ground and 
output terminals 2 and 3 to the leads 4 and 5, respec- 
tively; and connecting the heater 6 to the leads 8 via the 
respective heater terminals 7; putting the leaf spring 1 7 
on a front end portion of the separator 18; inserting the 
separator 18 in the protective cover 1 6 until the flange 
portion 1 8a of the separator 1 8 abuts on the protrusions 
31c; and inserting the gromrnet 1 9 in the rear end of the 
cover 16. 

[0051] The second subassembly is provided by: in- 
serting the packing 9a, the holder 19 and the packing 
9b in the metallic shell 14 in order of mention; placing 
the sensor element 1 in the metallic shell 14 so as to be 
surrounded by the packing 9a, the holder 10 and the 
packing 9b; arranging the sealant 1 1 , the sleeve 1 2 and 
the ring 1 3 between the sensor element 1 and the me- 
tallic shell 14; caulking the rear end portion of the me- 
tallic shell 1 4 to the sensor element 1 via the sleeve 1 2; 
putting the protective cover 15 on the metallic shell 14 
so that the attachment portion 1 5c circumferentially sur- 



rounds the boss end portion 14a to form the overlap 01 ; 
caulking the attachment portion 1 5c to the boss end por- 
tion 14a (as in step S3 of FIG. 2); and welding the at- 
tachment portion 15c and the boss end portion 14a to- 
5 gether (as in step S4 of FIG. 2). In the present embod- 
iment, the attachment portion 15c is circumferentially 
caulked to the boss end portion 14a (i.e. the overlap Ol 
between the attachment portion 15c is caulked radially 
inwardly) in order to perform the subsequent welding 
10 step without difficulty and thereby fix the protective cov- 
er 1 5 to the metallic shell 1 4 securely. The caulking can 
be done by using a caulking tool equipped with a roller 
or six or more punches. Preferably, a caulking tool with 
eight or more punches is used so that the attachment 
15 portion 15c is assuredly caulked to the boss end por- 
tions 14 throughout its circumference by surrounding 
the attachment portion 15c with the punches. The at- 
tachment portion 15c is also circumferentially welded to 
the boss end portion 1 4a (i.e. a circumferential weld sec- 
tion W1 is formed in the overlap Ol between the attach- 
ment portion 1 5c and the boss end portion 1 4a) in order 
to fix the protective cover 15 to the metallic housing 14 
securely, although the attachment portion 15c can alter- 
natively be joined to the boss portion 14a by spot weld- 
ing. For ease of welding, it is preferable to weld the at- 
tachment portion 15c circumferentially by using a laser 
beam. 

[0052] While the first subassembly is supported with 
chucks CH, the heater 6 of the second subassembly is 
inserted into the body of the sensor element 1 of the first 
subassembly until the protective cover 1 6 of the first su- 
bassembly abuts on the flange portion 1 4c of the metal- 
lic shell 14 of the second subassembly. While inserting 
the heater 6 into the body of the sensor element 1 , the 
electrical connection is made between the ground ter- 
minal 2 and the outer electrode layer of the sensor ele- 
ment 1 and between the output terminal 3 and the inner 
electrode layer of the sensor element 1 . At this time, the 
oxygen sensor comes assembled as shown in FIG. 6, 
with a radial space left between the attachment portion 
16a of the protective cover 1 6 and the boss end portion 
14b of the metallic shell 14. 

[0053] Then, the attachment portion 16a is caulked 
and welded to the boss end portion 14b (as in steps S3 
and S4 of FIG. 2). In order to perform the subsequent 
welding step without difficulty and thereby fix the protec- 
tive cover 1 5 to the metallic shell 1 4 securely, the attach- 
ment portion 1 6a is circumferentially caulked to the boss 
end portion 1 4b (i.e. the overlap 02 between the attach- 
ment portion 16a and the boss end portion 14b is 
caulked radially inwardly). The caulking can be done by 
using a caulking too! equipped with a roller or six or more 
punches. Preferably, a caulking tool with eight or more 
punches is used so that the attachment portion 16a is 
assuredly caulked to the boss end portion 1 4b through- 
out its circumference by surrounding the attachment 
portion 16a with the punches. The attachment portion 
1 6a is also circumferentially welded to the boss end por- 



25 



30 



35 



40 



45 



50 



7 



BNSDOC1D: <EP. 



.1391724A1_I_> 



13 



EP 1 391 724 A1 



14 



tion 14b (i.e. a circumferential weld section W2 is formed 
in the overlap 02 between the attachment portion 16a 
and the boss end portion 14b) in order to fix the protec- 
tive cover 16 to the metallic housing 14 securely, al- 
though the attachment portion 16a can alternatively be 
joined to the boss end portion 14b by spot welding. For 
ease of welding, it is preferable to weld the attachment 
portion 16a circumferentially by using a laser beam. 
[0054] Finally, the protective cover 16 is caulked radi- 
ally inwardly at a position axially corresponding to the 
leaf spring 1 7 so as to hold the separator 1 8 with the 
flange portion 1 8a sandwiched between the protrusions 
31 c of the cover 1 6 and the leaf spring 1 7, and is caulked 
at a position axially corresponding to the grommet 18. 
The oxygen sensor is then completed as shown in FIG. 
1 . 

[0055] For use of the oxygen sensor, the oxygen sen- 
sor is mounted in e.g. an exhaust pipe of a vehicle. 
When the measurement gas is supplied to the sensing 
portion of the sensor element 1 via the gas inlet holes 
15d and 15e, there arises an electromotive force be- 
tween the inner and outer electrode layers of the sensor 
element 1 in accordance with the concentration of oxy- 
gen in the measurement gas. The electromotive force 
is outputted as a signal from the inner electrode layer 
through the output terminal 3 and the output lead 5, 
whereas the outer electrode layer is grounded through 
the ground terminal 2 and the ground lead 4. During the 
measurement of oxygen concentration, the protective 
cover 15 protects the sensing portion from water or oil 
drops, and the protective cover 16 protects the sensing 
portion and the terminals 2, 3 and 6 from flying gravel 
etc. Further, the filter unit 20 feeds dehydrated air into 
the protective cover 1 6 by means of the filter 20b so as 
to set a standard for the output signal. The heater 6 is 
energized through the heater terminals 7 and the leads 
8 for quick actuation of the sensing portion. 
[0056] As described above, the attachment portions 
1 5c and 1 6a of the protective covers 1 5 and 1 6 are made 
lower in hardness. The attachment portions 1 5c and 1 6a 
can be therefore caulked to the boss end portions 14a 
and 14b of the metallic housing 14 easily and assuredly 
without clearance therebetween, even when the protec- 
tive covers 15 and 16 have relatively large thicknesses 
so as to protect the sensor element 1 and the terminals 
2, 3 and 7 from external shocks and when the attach- 
ment portions 15c and 16a have relatively large inside 
diameters than outside diameters of the boss end por- 
tions 14a and 14b so as to be easily arranged around 
the boss end portions 14a and 14b. Even in the case of 
the protective covers 1 5 and 1 6 being formed by draw- 
ing austenitic stainless steel, there is no need to perform 
stringent dimensional control for engagement between 
the attachment portion 1 5c and the boss end portion 1 4a 
and between the attachment portion 16a and the boss 
end portion 14b. Also, there is no need to apply high 
pressure to caulk the attachment portions 15c and 16a, 
thereby avoiding deteriorations in the durability of the 



caulking tool etc. The above assuredly caulked attach- 
ment portions 1 5c and 1 6a can be welded to metallic 
shell 4 easily and assuredly at sufficient weld strength. 
The protective covers 1 5 and 1 6 properly work to protect 

5 the sensor element 1 and the terminals 2, 3 and 7 from 
external shocks because the protective covers 15 and 
16 have relatively large thickness and the remaining 
portions of the covers 1 5 and 1 6 are higher in hardness. 
It becomes possible according to the present embodi- 

10 ment of the invention to simplify the manufacturing proc- 
ess of the oxygen sensor for reduction in manufacturing 
cost while securing sufficient durability for the oxygen 
sensor under use in the vehicle. 

[0057] The present invention will be specifically illus- 
*5 trated in more detail by way of the following examples. 
However, it should be noted that the following example 
is only illustrative and not intended to limit the present 
invention thereto. 



[0058] A protective cover (corresponding to the cover 
16 in the above embodiment) was formed from 
SUS304L with the following dimensions as shown in 
25 FIG. 3 A. Only an attachment portion of the cover was 
annealed using a high-frequency coil as shown in FIG. 
3B. 

[Dimensions] Length of the cover: 47 mm Length of 
30 the attachment portion: 6 mm Thick- 

ness of the cover: 0.5 mm 

[0059] The prepared protective cover showed hard- 
ness characteristics as shown in FIG. 7. Namely, the at- 
35 tachment portion had a Vickers hardness of 1 00 to 200 
mm, and the remaining portion of the cover had a Vick- 
ers hardness of 300 to 400 (on average). 
[0060] An oxygen sensor was assembled using the 
prepared protective cover in compliance with the above- 
40 described embodiment. The caulking was done by using 
a caulking tool with eight punches , and the welding was 
done by laser welding. The attachment portion of the 
cover was caulked easily and assuredly without causing 
deteriorations in the durability of the punches etc. Fur- 
45 ther, the protective cover was able to satisfactorily act 
as a protection. It is thus possible to reduce the manu- 
facturing cost of the oxygen sensor while securing suf- 
ficient durability for the sensor by the use of the protec- 
tive cover of EXAMPLE. 

so 

COMPARATIVE EXAMPLE 1 

[0061] The same procedure as in EXAMPLE was re- 
peated, except the entire cover was not given annealing. 
55 As shown in FIG. 7, the prepared protective cover had 
a Vickers hardness of 300 to 400 throughout its length. 
In the assembling of the oxygen sensor, the attachment 
portion of the cover was caulked by the application of 



15 



20 EXAMPLE 



40 



45 



8 



BNSDOCIO: <EP 1391724At_l_> 



15 



EP 1 391 724 A1 



16 



terminal (3) fitted to a rear end of the sensor element 
(1) to produce a signal output from the sensing por- 
tion.. 

the protective cover (16) including an attach- 
5 ment portion (1 6a) to be attached to a rear end por- 

tion (14b) of the housing (14) in such a manner as 
to cover the sensor terminal (3) with the protective 
cover (16), the attachment portion (16a) having a 
lower hardness than a remaining portion (16b) of 
to the protective cover (1 6). 

3. The protective cover (15; 16) according to Claim 1 
or 2, wherein the attachment portion (15c; 16a) of 
the protective cover ( 1 5; 1 6) has a Vickers hardness 

15 of 100 to 200. 

4. The protective cover (15; 16) according to any one 
of Claims 1 to 3, wherein the remaining portion (1 5x, 
15y, 15w: 16b) of the protective cover (15; 16) has 

20 a Vickers hardness of 250 or larger. 

5. The protective cover (1 5; 1 6) according to Claim 4, 
wherein the remaining portion (15x, 15y, 15w; 16b) 
of the protective cover (15; 1 6) has a Vickers hard- 

25 ness of 300 to 400. 

6. The protective cover (15; 16) according to any one 
of Claims 1 to 5, wherein each of the attachment 
portion (15c; 16a) and the remaining portion (15x, 

30 1 5y, 1 5w; 1 6b) of the protective cover (15; 16) has 
a thickness of 0.3 mm or larger. 

7. The protective cover (15; 16) according to Claim 6, 
wherein each of the attachment portion (15c; 16a) 

35 and the remaining portion (15x, 15y, 15w; 16b) of 
the protective cover (15; 16) has a thickness of 0.4 
mm or larger. 

8. The protective cover (15; 16) according to any one 
40 of Claims 1 to 7, wherein the attachment portion 

(1 5c; 1 6a) and the remaining portion (1 5x, 1 5y, 1 5w; 
16b) of the protective cover (15; 16) are made of 
austenitic stainless steel. 

^5 9. The protective cover (15; 16) according to any one 
of Claims 1 to 8, wherein only the attachment por- 
tion (15c; 16a) of the protective cover (15; 16) has 
been annealed. 



increased pressure to cause deteriorations in the dura- 
bility of the punches etc. It is thus concluded that the 
manufacturing cost of the oxygen sensor cannot be re- 
duced sufficiently by the use of the protective cover of 
COMPARATIVE EXAMPLE 1. 

COMPARATIVE EXAMPLE 2 

[0062] The same procedure as in EXAMPLE was re- 
peated, except that the entire cover was given anneal- 
ing. The prepared protective cover had a Vickers hard- 
ness of 200 or lower throughout its length, as shown in 
FIG. 7. In the assembling of the oxygen sensor, the at- 
tachment portion of the protective cover was caulked 
without causing deteriorations in the durability of the 
punches etc. However the protective cover was too 
weak to act as a protection against external shocks . it 
is thus concluded that the oxygen sensor does attain 
sufficient durability by the use of the protective cover of 
COMPARATIVE EXAMPLE 2 although the manufactur- 
ing cost of the sensor can be reduced. 
[0063] The entire contents of Japanese Patent Appli- 
cation No. 2002-239354 (filed on August 20, 2002) are 
herein incorporated by reference. 

[0064] Although the present invention has been de- 
scribed with reference to a specific embodiment of the 
invention, the invention is not limited to the above-de- 
scribed embodiment. Various modification and variation 
of the embodiment described above will occur to those 
skilled in the art in light of the above teaching. For ex- 
ample, either one of the attachment portions 15c and 
1 6a of the protective covers 1 5 and 1 6 may have a lower 
hardness than that of the remaining portion. Further, the 
sensor housing may have a cylindrical metallic shell and 
an inner tube fixed to each other by e.g. caulking. The 
scope of the invention is defined with reference to the 
following claims. 

Claims 

1. A protective cover (15) for a gas sensor having a 
■cylindrical metallic housing (14) and a sensor ele- 
ment (1) axially disposed in the housing (14) with a 
sensing portion thereof protruded from a front end 
of the housing (14), 

the protective cover (15) including an attach- 
ment portion (1 5c) to be attached to a front end por- 
tion (14a) of the housing (14) in such a manner as 
to cover the sensing portion with the protective cov- 
er (15), the attachment portion (15c) having a lower 
hardness than a remaining portion (15x, 15y, 15w) 
of the protective cover (15). 

2. A protective cover (16) for a gas sensor having a 
cylindrical metallic housing (14), a sensor element 
(1) axially disposed in the housing (14) and having 
at a front end thereof a sensing portion and a sensor 



50 io. The protective cover (15) according to Claim 1 , 

wherein the protective cover (1 5) comprises an out- 
er cover member (1 5a) and an inner cover member 
(15b) fixed in the outer cover member (15a) to cover 
the sensing portion, and the attachment portion 

55 (15c) is formed on the outer cover member (15a). 

11 . The protective cover (15) according to Claim 1 0, 
wherein the outer cover member (1 5a) has a thick- 
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ness of 0.4 mm or larger, and the inner cover mem- 
ber (15b) has a smaller thickness than that of the 
outer cover member (15a). 

12. A gas sensor, comprising: 

a cylindrical metallic housing (14); 
a sensor element (1) having at a front end 
thereof a sensing portion and disposed axially 
in the housing (1 4) with the sensing portion pro- 
truded from a front end of the housing (14); 
a sensor terminal (3) fitted to a rear end of the 
sensor element (1) to produce a signal output 
from the sensing portion; 
a first protective cover (15) attached to a front 
end portion (14a) of the housing (14) to cover 
the sensing portion, the first protective cover in- 
cluding an attachment portion (15c) attached 
around the front end portion (14a) of the hous- 
ing (14); and 

a second protective cover (16) attached to a 
rear end portion (14b) of the housing (14) to 
cover the sensor terminal (3), 

wherein the attachment portion (15c) has a 
lower hardness than a remaining portion of the first 
protective cover (1 5). 

13. The gas sensor according to Claim 12, wherein the 
attachment portion (15c) of the first protective cover 
(15) is attached around the front end portion (14a) 
of the housing (14) by caulking and welding. 

14. The gas sensor according to Claim 13, wherein the 
attachment portion ( 1 5c) of the first protective cover 
(15) is circumferentially welded to the front end por- 
tion (14a) of the housing (14). 

15. The gas sensor according to any one of Claims 12 
to 14, wherein the first protective cover (15) com- 
prises an outer cover member (15a) and an inner 
cover member (15b) fixed in the outer cover mem- 
ber (15a) to cover the sensing portion, and the at- 
tachment portion (1 5c) is formed on the outer cover 
member (15a). 

16. The gas sensor according to Claim 1 5, wherein the 
outer cover member (1 5a) includes an outer circum- 
ferential wall (1 5w); the outer circumferential wall 
(1 5w) has outer gas inlet holes (1 5d) formed therein 
to feed a measurement gas into the outer cover 
member (15a); the inner cover member (15b) in- 
cludes an inner circumferential wall (15x) held in 
parallel with the outer circumferential wall (1 5w) and 
at a rear end thereof a wall edge (15y) bent to the 
outer circumferential wall (15w); and the wall edge 
(15y) has inner gas inlet holes (15e) formed therein 
to feed the measurement gas from the outer cover 



member (1 5a) into the inner cover member (15b). 

17. The gas sensor according to Claim 16, wherein the 
wall edge ( 1 5y) of the inner cover member (1 5b) has 

5 cuts (152) formed therein to define the inner gas in- 

let holes (15e). 

18. The gas sensor according to any one of Claims 15 
to 1 7, wherein the outer cover member (1 5a) has a 

10 thickness of 0.4 mm or greater, and the inner cover 
member (15b) has a smaller thickness than that of 
the outer cover member (1 5a). 

19. A gas sensor, comprising: 

15 

a cylindrical metallic housing (14); 
a sensor element (1) having at a front end 
thereof a sensing portion and disposed axially 
in the housing (14) with the sensing portion pro- 
20 truded from a front end of the housing (14); 

a sensor terminal (3) fitted to a rear end of the 
sensor element (1) to produce a signal output 
from the sensing portion; 

a first protective cover (15) attached to a front 
25 end portion (14a) of the housing (14) to cover 

the sensing portion; and 

a second protective cover (16) attached to a 
rear end portion (14b) of the housing (14) to 
cover the sensor terminal (3) t the second pro- 
30 tective cover (1 6) including an attachment por- 

tion (1 6a) attached around the rear end portion 
(14b) of the housing (14), 

wherein the attachment portion (16a) has a 
35 lower hardness than a remaining portion (16b) of 
the second protective cover (16). 

20. The gas sensor according to Claim 1 9, wherein the 
attachment portion (16a) of the second protective 

*o cover (16) is attached around the rear end portion 
(14b) of the housing (14) by caulking and welding. 

21. The gas sensor according to Claim 20, wherein the 
attachment portion (16a) of the second protective 

45 cover (16) is circumferentially welded to the rear 
end portion (14b) of the housing (14). 

22. A gas sensor, comprising: 

50 a cylindrical metallic housing (14); 

a sensor element (1) having at a front end 
thereof a sensing portion and disposed axially 
in the housing (14) with the sensing portion pro- 
truded from a front end of the housing (14); 
55 a sensor terminal (3) fitted to a rear end of the 

sensor element (1) to produce a signal output 
from the sensing portion; 
a first protective cover (15) attached to a front 



25 



50 



55 



10 



BNSDOCfD: <EP 1391724A1J_> 



19 



EP 1 391 724 A1 



20 



end portion (14a) of the housing (14) to cover 
the sensing portion; and 
a second protective cover (16) attached to a 
rear end portion (14b) of the housing (14) to 
cover the sensor terminal (3), 

wherein the first protective cover (15) has: 

an outer cover member (15a) including an at- 
tachment portion (1 5c) attached to the front end 
portion (14a) of the housing (14) and an outer 
circumferential wall (15w), the outer circumfer- 
ential wall (15w) having outer gas inlet holes 
(15d) formed therein to feed a measurement 
gas into the outer cover member (15a); and 
an inner cover member (1 5b) fixed in the outer 
cover member (15) and including an inner cir- 
cumferential wall (15x) held in parallel with the 
ouler circumferential wall (15w) and at a rear 
end thereof a wall edge (15y) bent to the outer 
circumferential wall (15w), the wall edge (15y) 
having inner gas inlet holes (1 5e) formed there- 
in to feed the measurement gas from the outer 
cover member (15a) into the inner cover mem- 
ber (15b). 

23. The gas sensor according to Claim 22, wherein the 
attachment portion (1 5c) has a lower hardness than 
a remaining portion (15x, 15y, 15w) of the first pro- 
tective cover (15). 

24. The gas sensor according to Claim 22 or 23, where- 
in the wall edge (15y) of the inner cover member 
(15b) has cuts (15z) formed therein to define the 
inner gas inlet holes (15e). 

25. The gas sensor according to any one of Claims 22 
to 24, wherein the outer cover member (15a) has a 
larger thickness than that of the in ner cover member 
(15b). 

26. The gas sensor according to any one of Claims 22 
to 25, wherein the outer and inner cover members 
(15a, 15b) define outer and inner gas outlet holes 
(15k, 15h) in bottoms thereof, respectively, the out- 
er gas outlet hole (15k) is coaxial with the inner gas 
outlet hole (15h) and has a diameter larger than a 
diameter of the inner gas outlet hole (15h) in such 
a manner as to satisfy the following equation: t < d 
< 3t where t is a thickness of the outer cover mem- 
ber (1 5) and d is a difference between the diameters 
of the outer and inner gas outlet holes (15k, 15h). 

27. The gas sensor according to any one of- Claims 22 
to 26, wherein the front end of the metallic housing 
(14) has a thickness (14t) smaller than a distance 
(15t) between the outer circumferential wall (15w) 
and the inner circumferential wall (15x). 



28. A method of manufacturing a gas sensor, compris- 
ing: 

disposing a sensor element (1) in a cylindrical 
5 metallic housing (14), the sensor element (1) 

having at a front end thereof a sensing portion 
protruded from a front end of the housing (14); 
forming a protective cover (15) with an attach- 
ment portion (15c); 
10 making a hardness of the attachment portion 

(15c) lower than that of a remaining portion of 
the protective cover (15); and 
attaching the attachment portion (15c) of the 
protective cover (1 5) to a front end portion (1 4a) 
15 of the housing (1 4) in such a manner as to cover 

the sensing portion with the protective cover 
(15). 

29. The method according to Claim 28, wherein the at- 
20 taching comprises: 

arranging the attachment portion (15c) of the 
protective cover (15) around the front end por- 
tion (14a) of the housing (14); 
25 caulking the attachment portion (15c) of the 

protective cover (15) to the front end portion 
(14a) of the housing (14); and 
circumferentially welding the attachment por- 
tion (15c) of the protective cover (15) to the 
30 front end portion (14a) of the housing (14). 

30. A method of manufacturing a gas sensor, compris- 
ing: 

35 disposing a sensor element (1 ) in a cylindrical 

metallic housing (14), the sensor element (1) 
having at a front end thereof a sensing portion; 
fitting a sensor terminal (3) to a rear end of the 
sensor element (1) for signal output from the 
40 sensing portion; 

forming a protective cover (1 6) with an attach- 
ment portion (16a); 

making a hardness of the attachment portion 
(1 6a) lower in hardness than that of a remaining 
45 portion (1 6b) of the protective cover (1 6); and 

attaching the attachment portion (16a) of the 
protective cover (1 6) to a rear end portion (1 4b) 
of the housing (14) in such a manner as to cover 
the sensor terminal (3) with the protective cover 

50 (16). 

31. The method according to Claim 30, wherein the at- 
taching comprises: 

55 arranging the attachment portion (16a) of the 

protective cover (16) around the rear end por- 
tion (14b) of the housing (14); 
caulking the attachment portion (16a) of the 
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protective cover (16) to the rear end portion 
(14b) of the housing (14); and 
circumferentially welding the attachment por- 
tion (16a) of the protective cover ( 1 6) to the rear 
end portion (14b) of the housing (14). 

32. The method according to any one of Claims 28 to 

31 , wherein the protective cover (15; 16) is formed 
by drawing austenitic stainless steel. 

33. The method according to any one of Claims 28 to 

32, wherein the hardness of the attachment portion 
(1 5c; 1 6a) is made lower by annealing. 

34. The method according to any one of Claims 28 to 

33, wherein the annealing is performed by high-fre- 
quency induction heating. 

35. The method according to any one of Claims 28 to 

34, wherein the welding is laser welding. 20 
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